Abstract-This study analyzes the impacts of price incentives, costs and management awareness on maize supply in the North Central and the South regions of the United States. Diverting from previous studies, we convert Cobb-Douglas production functions to supply functions in the profit maximizing condition for two regions and use prices and costs to represent the incentives and management indices of farmers in our models. We examine the effects of prices and costs on the decision-making processes of farmers and the corresponding maize supply, where the models simultaneously consider climate and technology improvement elements in addition to price and cost elements. Given the background that climatic and socioeconomic conditions are different in the two regions, analyzing and understanding the regional impact divergence could have significant implications to the United States and the world in the context of securing the stability of the market price and food supply of the crop, as well as adapting to the progress of climate change. We found the South region in the short-term is more responsive to changes in maize prices than the North region, opposite from the results examined in the medium-term scenario and the long-term scenario, reflecting the differences in regional management awareness. While the changes in labor costs and machinery costs in the North region have larger impacts in all scenarios, changes in chemical fertilizer costs have larger impacts in the South region in all scenarios. All in all, further research should be conducted to ensure the stability of the long-term food security.
I. INTRODUCTION
Agriculture has been and will continue play its fundamental role in our society. Ensuring a sustainable supply of food under the impact of climate change and socioeconomic changes is critically important to the United States and the world [1] . Farmers, key stakeholders in the agricultural sector, directly influence the result of agricultural production. Thus, analyzing the potential impacts of price incentives, input costs and management awareness on the decision-making process of farmers and the corresponding crop supply would have significant implications to the stability of international crop market price and agricultural supply.
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world. Given the background that the United States is the top producer of maize in the world and its maize export exceeds one-third of the world market share, it is clear the production of maize in this country is important to both the United States and the global economy [1] - [4] . Thus, ensuring a sustainable supply of maize within the country is critically essential.
In the United States, maize is mainly produced in the North Central region, often called the "Corn Belt". Each year, this region produces 50% of the total amount of maize in the nation [3] , [4] . Though the current production level in the South region is much smaller compared to the North Central region and only accounts for 3% of the total national maize production, its potential for auxiliary production to offset or even to outweigh the climate change-induced maize production loss in the North Central region implies its risk mitigating function in addressing food security and renewable energy issues [3] .
While the maize in the North Central region is mainly produced in the six major states (Iowa, Michigan, Minnesota, Wisconsin, South Dakota, and Nebraska) that range from 40° to 48° north by latitude, 82° to 103° west by longitude, it is mainly produced in the four states in the South region (Texas, Louisiana, Oklahoma, Arkansas) that range from 26° to 36° north by latitude, 89° to 105° west by longitude [3] . Accordingly, this paper analyzes the responses of farmers to prices and costs in both regions.
Previous studies have tried to use either statistical yield model, biophysical simulation models such as CERES-maize model, DNDC model and EPIC model, or mathematical programming methods to analyze the impacts on maize production [2] - [12] . Diverting from those analyses, we convert adapted Cobb-Douglas production functions to supply functions in the profit maximizing condition for the two regions and use prices and costs to represent the incentives and the management indices of farmers in our models. With the simultaneous incorporation of price variables, input cost variables, climate variables and technology improvement variable in the model, examining the potential impacts of prices and costs on the decision-making processes of farmers and the corresponding maize supply could better approach the real condition.
Stabilizing national crop supply and promoting farmers to continuously produce agricultural products have been challenging topics for all countries. Indeed, analyzing the responses of farmers to changes in price and costs could have significant management and policy implications to the stability of agricultural supply. Our estimated results indicate that the South region in the short-term is more responsive to changes in maize prices than the North region, opposite from the results examined in the medium-term scenario and the long-term scenario, reflecting the regional differences in management awareness and induction effects of prices and input costs. While the changes in labor costs and machinery costs in the North region have larger impacts in all scenarios, changes in chemical fertilizer costs have larger impacts in the South region in all scenarios. Such differences imply that different regional agricultural policies rather than a standardized national agricultural policy could be more efficient in addressing food security issues and stabilizing market price and supply of the crop, as well as adapting to the progress of climate change.
II. MATERIALS AND METHODOLOGY
For both regions, we convert adapted Cobb-Douglas production function described by Li and Suzuki [2] 
where Y represents maize production output (bushels), A is land use (in dollars), L is labor that contributes to the production of maize (in dollars), MA represents agricultural machinery use over the process of maize production (in dollars), CF indicates the amount of applied chemical fertilizer (in dollars), TECH represents technology improvement (linear trend term), T and P represent weighted temperature and weighted precipitation where temperature and precipitation in the sensitive planting stage and growing stage of maize (vegetative stage and reproductive stage) are equally weighted separately in the equation (1) (see Table I and Table II) [3] .
The adapted Cobb-Douglas production function (1) utilizes time series and cross-sectional data from the six states in the North Central region and the four states in the South region over the time period 1992-2008 and the estimated functions are summarized in Table I [3] . 
Equations 4.1 to 4.4 are inserted to the adapted Cobb-Douglas function and a long-term supply function under a completely competitive condition could be obtained.
For different scenarios (short-term scenario, medium-term scenario and the long-term scenario), land use variable A, labor variable that contributes to the production of maize L, and the agricultural machinery use variable MA are fixed correspondingly in the equation.
In the short-term scenario, farmers can easily adjust the amount of chemical fertilizer they apply to the maize crop. In terms of labor and agricultural machinery, the alteration of these variables within the short-term could affect the financial performances of farmers and their management processes. Adjustment of these variables becomes easier in a longer time span. Thus, in addition to the applied chemical fertilizer variable, labor variable, as the second variable that could be easily adjusted over the production process of maize, is set to become adjustable in the medium-term scenario. In the long-term scenario, agricultural machinery, labor and applied chemical fertilizer are set to be adjustable.
For the short-term where the land use variable A, 
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III. RESULTS
With the processes described above, three patterns of converted supply functions (short-term scenario, medium-term scenario and the long-term scenario) under a completely competitive condition in the North Central and South region could be obtained and the effects of prices and input costs on the decision-making processes of farmers and the corresponding maize supply could be estimated (Table  III) . For both the North Central and the South of the United States, price elasticity of maize supply in three different time spans are first examined (see Table III and Table IV ). In the short-term scenario, land use variable A, agricultural machinery use variable MA, and the labor variable L that contributes to the production of maize are fixed. Only the applied chemical fertilizer variable CF is allowed to adjust. Both the North Central and the South regions show inelastic price elasticity of supply (Pes<1) (see Table IV ). While the estimated result in the North Central region is 0.23, it is 0.54 in the South region, a higher value (see Table IV ).
Given the backdrop that maize is an economically important crop in the North Central region and its regional production accounts for 50% of the total maize production within the United States, responses of farmers to changes in price in this region are not aggressive in the short-term. Still, an increase in maize price could slightly increase maize supply (see Table IV ). In contrast, in the South region, average annual revenue is comparatively lower. An increase in maize price within the short-term is considered to link an increase in revenue. The relatively lower annual revenue in this region makes farmers more sensitive and reactive to changes in maize prices than the North Central area. In the medium-term, land use variable A and agricultural machinery use variable MA are fixed. Labor variable L and applied chemical fertilizer variable CF are allowed to adjust. Price elasticity of maize supply increases in both regions. These phenomena could be attributed to the stimulating effects of flexible changes in labor and chemical fertilizer. While the estimated result in the North Central region is 1, it is 0.86 in the South region (see Table IV ).
In the long-term, land use variable A is fixed. Labor variable L, applied chemical fertilizer variable CF and agricultural machinery use variable MA are allowed to adjust. Both the North Central and the South regions show elastic price elasticity of supply (Pes>1). While the estimated result in the North Central region is 3.02, it is 2.09 in the South region (see Table IV ).
When more variables become adjustable in the longer time span, management flexibility of input adjustment increases. Given the background that farmers in the North Central region highly relies on maize production to support their family, the increased management flexibility of input adjustment allows farmers to apply optimal inputs to increase maize supply, leading to more sensitive responses to changes in prices. Thus, the North Central show higher values of price elasticity of supply for the medium-term scenario and the long-term scenario. Next to the maize price elasticity of supply, applied chemical fertilizer price elasticity of maize supply is examined (see Table V ). When more variables become
International Journal of
and the South regions. In all scenarios, the estimated results indicate that an increase in applied chemical fertilizer cost decreases maize supply in both the regions. Given the background that the soil nutrient contents and qualities in the South, a region growing high volumes of tobacco and cotton in former years, are not as high as the North Central region, more chemical fertilizer might be required, which in turn influences the costs. In fact, in all scenarios, South region appears to be more sensitive to cost changes in applied chemical fertilizer. Labor price elasticity of maize supply in both regions is also examined (see Table VI ). In the short-term, labor variable L is fixed and only the chemical fertilizer CF is adjustable. Thus, labor price elasticity of supply is not examined in the short-term scenario. In the medium-term, both regions show inelastic price elasticity of supply (Pes<1) (-0.64 in the North Central region and -0.21 in the South region) (see Table VI ). In the long-term scenario, the response of maize production to changes in labor cost increases. The North Central region is -1.28 and the South region is -0.34 (Table VI) .The results indicate an increase in agricultural labor cost decreases maize supply in both regions. For all types of agricultural production, labor is a key input element over the production process. A further increase in labor cost could decrease the efficiency of maize production, which in turn affects the final output. The South region, in contrast, has lower annual revenue. Furthermore, more agriculture population is available. Thus, the impacts of cost increase in labor on maize output are comparatively smaller. Since the agricultural machinery use variable MA is set to be adjustable in the long-term scenario, agricultural machinery use price elasticity of maize supply in the long-term scenario in the North Central and the South regions is examined. While the estimated result in the North Central region is -1.01, it is -0.66 in the South region (see Table VII ). The estimated results indicate an increase in agricultural machinery cost decreases maize supply in both regions. In the North Central region, maize production scale is large. Agricultural machinery is widely and efficiently used among farmers compared to other regions. Thus, an increase in agricultural machinery cost could have a larger impact on the decision-making processes of farmers and the corresponding maize supply.
IV. DISCUSSION
The estimated results indicate the South region in the short-term is more responsive to changes in maize prices than the North region, opposite from the results examined in the medium-term scenario and the long-term scenario. The results reflect the differences in regional economic condition and management awareness. Given the backdrop that the average annual revenue in the South is lower, farmers in the region are more reactive to changes in maize prices in the short-term. In the North Central region, maize production scale is large, even by American scale of farm production. When more variables fluctuate in the longer time span, input adjustment and management strategies become more flexible and agile, enabling farmers in this region to better adjust their input-output calculations corresponding to changes in prices and input costs. In all scenarios, impacts of labor costs and machinery costs on maize supply are larger in the North Central region, reflecting the importance of these variables to the region. In all scenarios, changes in chemical fertilizer costs have larger impacts on maize supply in the South region, reflecting the requirement of more nutrients to the soil in the region. The results are in line with the research findings found by Li and Suzuki [3] .
V. CONCLUSION
This paper analyzes the impacts of price incentives, costs and management awareness on maize supply in the North Central and the South regions of the United States. The converted supply functions are used to analyze the reaction of farmers to the exterior environment under an optimized condition in each region. It has been found that differences in regional economic and environmental condition could have different impacts on the decision-making processes of farmers and maize supply.
Different regional agricultural policies rather than a standardized national agricultural policy that aim to maintain or increase the incentives of farmers to produce maize might be efficient. Such a strategy may be more efficient in addressing food security issues and stabilizing market price and supply of the crop, as well as adapting to the progress of climate change. All in all, further research should be conducted to ensure the long-term food security.
